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(57)Abstract: 

PROBLEM TO BE SOLVED: To compensate for the 
displacement quantity of a machining shaft generated by 
machining by finding the displacement quantity corresponding to 
the machining time of the machining shaft on the basis of 
registered relational data, and moving at least one of the 
machining shaft and a workipiece by the obtained displacement 
quantity to machine the workpiece. 

SOLUTION: A data table indicating the relation between the 
thermal displacement quantity of a machining shaft 1 and 
elapsed time is previously prepared in every condition specified 
by the change of rotating speed before and after the change of 
the machining shaft 1, and registered in a computer 5. When a 
counter value (t) reaches the first correction timing, a command 
is sent to an NC device 4 to move a work table 8 in a receding 
direction from the machining shaft 1 by the thermal 
displacement quantity S corresponding to the correction timing 
in the data table. A W-shaft driving part 7 is thereby driven to 
move the work table 8 downward by a specified dimension to 
thereby compensate for the thermal displacement quantity 
caused by the rotation of the machining shaft 1. 
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* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows th e wor( j which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the processing approach in the machine tool into which it is processed by compensating the 
amount of displacement produced on a processing shaft by amending the relative location of this processing 
shaft and a workpiece The registration process which registers the relational data in which the relation 
between floor to floor time and the amount of displacement of said processing shaft produced with 
processing is shown, Based on the relational data registered according to this registration process, the 
amount of displacement according to the floor to floor time of said processing shaft is calculated. The 
processing approach in the machine tool characterized by including the processing control process of only 
this amount of ****** displacement moving either [ at least ] said processing shaft or said workpiece, and 
processing said workpiece. 

[Claim 2] the variation rate of said processing shaft produced with said processing — the heat to the 
processing shaft orientations which an amount originates in generation of heat of said processing shaft 
accompanying the drive of said processing shaft, and are produced — the processing approach in the 
machine tool according to claim 1 characterized by being the amount of a variation rate. 
[Claim 3] It is the processing approach in the machine tool according to claim 1 or 2 which registers two or 
more kinds of said registration processes as a table which set up said relational data for every processing 
conditions, and is characterized by said processing control process calculating the amount of displacement 
of said processing shaft according to floor to floor time from the table corresponding to the processing 
conditions at the time of processing said workpiece. 

[Claim 4] For said registration process, said processing control process is the processing approach in the 
machine tool according to claim 1 or 2 characterized by calculating the amount of displacement of said 
processing shaft according to floor to floor time from the table corresponding to [ register two or more kinds 
as a table set up for every combination of the processing conditions before and behind modification of said 
relational data, and ] the combination of these processing conditions and the last processing conditions. 
[Claim 5] The processing approach in the machine tool according to claim 3 or 4 characterized by 
containing the rotational frequency of said processing shaft in said processing conditions. 
[Claim 6] Migration of said processing shaft by said processing control process or said workpiece is the 
processing approach in a machine tool given in any 1 term of claims 1-5 characterized by the thing from 
which the predetermined amount of displacement arises on said processing shaft after processing initiation, 
and which is repeatedly performed for every time interval. 

[Claim 7] The value of the amount of displacement of said processing shaft in said relational data is the 
processing approach in the machine tool according to claim 6 characterized by the thing from which said 
predetermined amount of displacement arises after processing initiation, and which is corresponded and set 
up for every time interval. 

[Claim 8] Said predetermined amount of displacement is the processing approach in the machine tool 
according to claim 7 characterized by being set as a value small enough to the process tolerance of a request 
of said workpiece. 

[Claim 9] said relational data — the variation rate of said processing shaft — the max from which an amount 
will be in equilibrium — a variation rate — an amount contains — having — said processing control process — 
said processing shaft or the total movement magnitude of said workpiece — said max — a variation rate — the 
processing approach in a machine tool given in any 1 term of claims 1-8 characterized by suspending 
migration of said processing shaft or said workpiece when an amount is reached. 

[Claim 10] In the processing equipment in the machine tool into which it is processed by compensating the 
amount of displacement produced on a processing shaft by amending the relative location of this processing 
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shaft and a workpiece A registration means to register the relational data in which the relation between floor 
to floor time and the amount of displacement of said processing shaft produced with processing is shown, 
Based on the relational data registered by this registration means, the amount of displacement according to 
the floor to floor time of said processing shaft is calculated. Processing equipment in the machine tool 
characterized by having the processing control means which only this amount of ****** displacement 
moves either [ at least ] said processing shaft or said workpiece, and processes said workpiece. 
[Claim 1 1] the variation rate of said processing shaft produced with said processing — the heat to the 
processing shaft orientations which an amount originates in generation of heat of said processing shaft 
accompanying the drive of said processing shaft, and are produced — the processing equipment in the 
machine tool according to claim 1 0 characterized by being the amount of a variation rate. 
[Claim 12] It is processing equipment in the machine tool according to claim 10 or 11 which registers two or 
more kinds of said registration means as a table which set up said relational data for every processing 
conditions, and is characterized by said processing control means calculating the amount of displacement of 
said processing shaft according to floor to floor time from the table corresponding to the processing 
conditions at the time of processing said workpiece. 

[Claim 13] For said registration means, said processing control means is processing equipment in the 
machine tool according to claim 1 0 or 11 characterized by calculating the amount of displacement of said 
processing shaft according to floor to floor time from the table corresponding to [ register two or more kinds 
as a table set up for every combination of the processing conditions before and behind modification of said 
relational data, and ] the combination of these processing conditions and the last processing conditions. 
[Claim 14] Processing equipment in the machine tool according to claim 12 or 13 characterized by 
containing the rotational frequency of said processing shaft in said processing conditions. 
[Claim 15] Migration of said processing shaft by said processing control means or said workpiece is 
processing equipment in a machine tool given in any 1 term of claims 10-14 characterized by the thing from 
which the predetermined amount of displacement arises on said processing shaft after processing initiation, 
and which is repeatedly performed for every time interval. 

[Claim 1 6] The value of the amount of displacement of said processing shaft in said relational data is 
processing equipment in the machine tool according to claim 1 5 characterized by the thing from which said 
predetermined amount of displacement arises after processing initiation, and which is corresponded and set 
up for every time interval. 

[Claim 17] Said predetermined amount of displacement is processing equipment in the machine tool 
according to claim 16 characterized by being set as a value small enough to the process tolerance of a 
request of said workpiece. 

[Claim 18] said relational data — the variation rate of said processing shaft — the max from which an amount 
will be in equilibrium — a variation rate — an amount contains — having — said processing control means — 
said processing shaft or the total movement magnitude of said workpiece — said max - a variation rate — the 
processing equipment in a machine tool given in any 1 term of claims 10-17 characterized by suspending 
migration of said processing shaft or said workpiece when an amount is reached. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The field of the technique in which invention belongs] the heat which produces this invention on the 
processing shaft of a machine tool — the variation rate by a variation rate etc. — it is related with the 
processing approach and equipment in the machine tool with which an amount is compensated by amending 
the relative location of a processing shaft and a workpiece. 
[0002] 

[Description of the Prior Art] Conventionally, with machine tools, such as a machining center, rotation 
tools, such as an end mill, are attached in processing shafts, such as a main shaft, a processing shaft is 
rotated, and it is made to process it into a workpiece. a processing shaft ~ the rotational frequency — 
abbreviation proportionality — carrying out ~ generating heat — heat — a variation rate (expansion) arises. 
Especially in a machining center, the variation rate of the axial direction is large and it becomes the big 
cause of a process tolerance fall of the depth direction of a workpiece. Therefore, by the processing 
approach in the conventional machine tool, there are some which were made to process it, cooling a 
processing shaft. 

[0003] Drawing 4 is drawing showing the configuration of the processing equipment in the conventional 
machine tool. As shown in this drawing, the oil coolant cooled by predetermined temperature with the 
external cooler 102 is constituted so that it may circulate inside the processing shaft 101 via the processing 
shaft oil coolant circulation path 103. the heat according to generation of heat by this — a variation rate is 
controlled. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since a setup of a rotational frequency changes 
variously with the diameter of a tool equipped with the processing shaft of a machine tool, the tool quality of 
the material, ******- e d, etc., calorific value is also different with it. On the other hand, in the above- 
mentioned conventional machine tool, it is going to cool to predetermined temperature uniformly with an 
external cooler. Consequently, the temperature which the heat of a processing shaft will be in equilibrium 
and is stabilized will change with rotational frequencies, namely, the heat of a processing shaft ~ a variation 
rate — in order to depend for an amount on a rotational frequency, the process tolerance of the depth 
direction of a workpiece falls in an uniform cooling mode. Although the precision dispersion changes with a 
machine or processing conditions, it is 20 micrometers - 50 micrometers, and is inconvenient to highly 
precise processing. 

[0005] the heat according to a rotational frequency here ~ the heat carry out a running in at a preheating 
rotational frequency higher than the rotational frequency at the time of actual processing in order to 
compensate a difference of a variation rate, and according to the rotational frequency at the time of actual 
processing — a variation rate — an amount — abbreviation — the target heat it is indifferent to it being fixed — 
a variation rate — after reaching an amount, the processing approach which was made to perform actual 
processing is also learned (JP,8-215981,A). 

[0006] However, by this processing approach, the running in at the rotational frequency for which it was 
suitable whenever it could not perform actual processing and changed a setup of a rotational frequency until 
the running in in a preheating rotational frequency was completed was needed, and there was fault that 
prompt processing initiation could not be performed. 

[0007] It is made in order that this invention may solve the problem of the above-mentioned conventional 
technique, and the purpose is to offer the processing approach and equipment in the machine tool which can 
compensate the amount of displacement of the processing shaft produced with processing, and can improve 
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process tolerance while being able to start processing promptly. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the processing approach in 
the machine tool of claim 1 of this invention In the processing approach in the machine tool into which it is 
processed by compensating the amount of displacement produced on a processing shaft by amending the 
relative location of this processing shaft and a workpiece The registration process which registers the 
relational data in which the relation between floor to floor time and the amount of displacement of said 
processing shaft produced with processing is shown, It is characterized by including the processing control 
process of calculating the amount of displacement according to the floor to floor time of said processing 
shaft based on the relational data registered according to this registration process, and only this amount of 
****** displacement moving either [ at least ] said processing shaft or said workpiece, and processing said 
workpiece. 

[0009] the variation rate of said processing shaft which produces the processing approach in the machine 
tool of claim 2 of this invention with said processing in the configuration of the claim 1 above-mentioned 
publication in order to attain the same purpose — the heat to the processing shaft orientations which an 
amount originates in generation of heat of said processing shaft accompanying the drive of said processing 
shaft, and are produced — it is characterized by being the amount of a variation rate. 
[0010] In order to attain the same purpose, the processing approach in the machine tool of claim 3 of this 
invention registers two or more kinds of said registration processes in a configuration above-mentioned 
claim 1 or given in two as a table which set up said relational data for every processing conditions, and said 
processing control process is characterized by to calculate the amount of displacement of said processing 
shaft according to floor to floor time from the table corresponding to the processing conditions at the time of 
processing said workpiece. 

[001 1] In order to attain the same purpose, the processing approach in the machine tool of claim 4 of this 
invention In a configuration above-mentioned claim 1 or given in two said registration process Two or more 
kinds are registered as a table set up for every combination of the processing conditions before and behind 
modification of said relational data, and said processing control process is characterized by calculating the 
amount of displacement of said processing shaft according to floor to floor time from the table 
corresponding to the combination of these processing conditions and the last processing conditions. 
[0012] In order to attain the same purpose, the processing approach in the machine tool of claim 5 of this 
invention is characterized by containing the rotational frequency of said processing shaft in said processing 
conditions in a configuration above-mentioned claim 3 or given in four. 

[0013] In order to attain the same purpose, the processing approach in the machine tool of claim 6 of this 
invention is characterized by performing migration of said processing shaft by said processing control 
process, or said workpiece repeatedly for every time interval which the predetermined amount of 
displacement produces on said processing shaft after processing initiation in a configuration given in any 1 
term of above-mentioned claims 1-5. 

[0014] In order to attain the same purpose, it is characterized by for the processing approach in the machine 
tool of claim 7 of this invention corresponding for every time interval from which said predetermined 
amount of displacement produces the value of the amount of displacement of said processing shaft in said 
relational data after processing initiation in the configuration of the claim 6 above-mentioned publication, 
and being set up. 

[0015] In order to attain the same purpose, the processing approach in the machine tool of claim 8 of this 
invention is characterized by setting said predetermined amount of displacement as a value small enough to 
the process tolerance of a request of said workpiece in the configuration of the claim 7 above-mentioned 
publication. 

[0016] In order to attain the same purpose, the processing approach in the machine tool of claim 9 of this 
invention In a configuration given in any 1 term of above-mentioned claims 1-8 to said relational data the 
variation rate of said processing shaft - the max from which an amount will be in equilibrium - a variation 
rate — an amount contains — having ~ said processing control process — said processing shaft or the total 
movement magnitude of said workpiece — said max ~ a variation rate — when an amount is reached, it is 
characterized by suspending migration of said processing shaft or said workpiece. 

[0017] In order to attain the same purpose, the processing equipment in the machine tool of claim 10 of this 
invention In the processing equipment in the machine tool into which it is processed by compensating the 
amount of displacement produced on a processing shaft by amending the relative location of this processing 
shaft and a workpiece A registration means to register the relational data in which the relation between floor 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/27/2006 



JP,200 1-062677, A [DETAILED DESCRIPTION] 



Page 3 of 7 



to floor time and the amount of displacement of said processing shaft produced with processing is shown, It 
is characterized by having the processing control means which the amount of displacement according to the 
floor to floor time of said processing shaft is calculated based on the relational data registered by this 
registration means, and only this amount of ****** displacement moves either [ at least ] said processing 
shaft or said workpiece, and processes said workpiece. 

[001 8] the variation rate of said processing shaft which produces the processing equipment in the machine 
tool of claim 1 1 of this invention with said processing in the configuration of the claim 10 above-mentioned 
publication in order to attain the same purpose — the heat to the processing shaft orientations which an 
amount originates in generation of heat of said processing shaft accompanying the drive of said processing 
shaft, and are produced - it is characterized by being the amount of a variation rate. 

[0019] In order to attain the same purpose, the processing equipment in the machine tool of claim 12 of this 
invention registers two or more kinds of said registration means in a configuration above-mentioned claim 
1 0 or given in 1 1 as a table which set up said relational data for every processing conditions, and said 
processing control means is characterized by to calculate the amount of displacement of said processing 
shaft according to floor to floor time from the table corresponding to the processing conditions at the time of 
processing said workpiece. 

[0020] In order to attain the same purpose, the processing equipment in the machine tool of claim 13 of this 
invention In a configuration above-mentioned claim 10 or given in 1 1 said registration means Two or more 
kinds are registered as a table set up for every combination of the processing conditions before and behind 
modification of said relational data, and said processing control means is characterized by calculating the 
amount of displacement of said processing shaft according to floor to floor time from the table 
corresponding to the combination of these processing conditions and the last processing conditions. 
[0021] In order to attain the same purpose, the processing equipment in the machine tool of claim 14 of this 
invention is characterized by containing the rotational frequency of said processing shaft in said processing 
conditions in a configuration above-mentioned claim 12 or given in 13. 

[0022] In order to attain the same purpose, the processing equipment in the machine tool of claim 15 of this 
invention is characterized by performing migration of said processing shaft by said processing control 
means, or said workpiece repeatedly for every time interval which the predetermined amount of 
displacement produces on said processing shaft after processing initiation in a configuration given in any 1 
term of above-mentioned claims 10-14. 

[0023] In order to attain the same purpose, it is characterized by for the processing equipment in the 
machine tool of claim 16 of this invention corresponding for every time interval from which said 
predetermined amount of displacement produces the value of the amount of displacement of said processing 
shaft in said relational data after processing initiation in the configuration of the claim 1 5 above-mentioned 
publication, and being set up. 

[0024] In order to attain the same purpose, the processing equipment in the machine tool of claim 17 of this 
invention is characterized by setting said predetermined amount of displacement as a value small enough to 
the process tolerance of a request of said workpiece in the configuration of the claim 1 6 above-mentioned 
publication. 

[0025] In order to attain the same purpose, the processing equipment in the machine tool of claim 18 of this 
invention In a configuration given in any 1 term of above-mentioned claims 10-17 to said relational data the 
variation rate of said processing shaft — the max from which an amount will be in equilibrium — a variation 
rate — an amount contains — having — said processing control means - said processing shaft or the total 
movement magnitude of said workpiece — said max — a variation rate — when an amount is reached, it is 
characterized by suspending migration of said processing shaft or said workpiece. 
[0026] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. 

[0027] Drawing 1 is the block diagram showing the outline configuration of the processing equipment in the 
machine tool concerning the gestalt of 1 operation of this invention. 

[0028] This machine tool is constituted as the so-called machining center, and the processing equipment 
consists of the processing shaft 1 which is a main shaft, the external condensator 2, the processing shaft oil 
coolant circulation path 3, NC unit 4 (processing control means), a computer 5 (processing control means), 
the Z-axis mechanical component 6, W shaft mechanical component 7, a processing table 8, a work piece 9, 
and a data bus 10. The gestalt of this operation shows the example which processes it into a work piece 9 
with the processing shaft 1 . 
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[0029] It is combined with a non-illustrated motor and the processing shaft 1 rotates with directions of NC 
unit 4. The processing shaft 1 is equipped with the tools 1 1 , such as an end mill. The processing shaft 1 is 
attached in the Z-axis mechanical component 6 again, and the Z-axis mechanical component 6 is connected 
to NC unit 4. The processing shaft 1 is constituted by the drive of the Z-axis mechanical component 6 based 
on control of NC unit 4 movable to the Z direction (this drawing vertical direction) (processing shaft 
orientations). 

[0030] The processing shaft oil coolant circulation path 3 is further formed in the processing shaft 1, and the 
external condensator 2 is connected to the processing shaft 1 through this circulation path 3. The external 
condensator 2 builds in the pump (not shown) for carrying out circulation supply of the non-illustrated oil 
coolant, and it carries out circulation supply at the processing shaft oil coolant circulation path 3, controlling 
an oil coolant to predetermined laying temperature. The processing shaft 1 is cooled by circulation supply of 
the oil coolant by the external condensator 2, although the bearing (not shown) which constitutes it by 
rotation generates heat and the processing shaft 1 whole becomes high temperature. 
[0031] The processing table 8 is constituted by the top face possible [ maintenance of a work piece 
(workpiece) 9 ]. The processing table 8 is attached in W shaft mechanical component 7, and W shaft 
mechanical component 7 is connected to NC unit 4. The processing table 8 is constituted by the drive of W 
shaft mechanical component 7 based on control of NC unit 4 movable to the Z direction. 
[0032] NC unit 4 carries out drive control of the Z-axis mechanical component 6, W shaft mechanical 
component 7, and the processing shaft 1 grade, and controls processing actuation of this equipment. The 
personal computer 5 is connected to NC unit 4 through the data bus 10. The data table (relational data) 
mentioned later is stored and registered into the storage section of a computer 5 (registration process), and 
processing of a work piece 9 is controlled based on the above-mentioned data table. The counter for 
clocking time amount t is formed in the computer 5. 

[0033] while rotating the processing shaft 1 in the case of processing of a work piece 9 and sending the 
processing shaft 1 caudad by the Z-axis mechanical component 6 — W shaft mechanical component 7 — the 
processing table 8 — caudad - sending — the heat of the processing shaft 1 ~ actuation of compensating a 
variation rate is performed. 

[0034] Drawing 2 is drawing showing an example of the data table in the gestalt of this operation. 
[0035] generation of heat according [ the processing shaft 1 ] to rotation — expanding - it ~ the heat to a Z 
direction — a variation rate - an amount is generated, each data tables A, B, and C shown in this drawing 
(a), (b), and (c) differ the combination before and behind change of the rotational frequency of the 
processing shaft 1 — making - beforehand - surveying - obtaining — the heat of the processing shaft 1 - a 
variation rate - an amount S (micrometer) and relation with the elapsed time T from the time of processing 
initiation (sec) are caught, the combination of the rotational frequency at the time of processing it in each 
data table the rotational frequency before modification of the processing shaft 1 , and after this — setting — 
the heat of the processing shaft 1 — a variation rate — the value of the elapsed time T at the time whenever 
an amount S increases 1 micrometer is stored. 

[0036] With this drawing (a), when it changes from 0 to SOOOrpm (min-1), the combination of change of the 
rotational frequency of the processing shaft 1 shows the case where it changes from 8000 to 20000rpm, in 
this drawing (b) in this drawing (c), respectively, when it changes from 5000 to 8000rpm. For example, this 
drawing (a) shows that the case where processing is started by 5000rpm in the condition that the rotational 
frequency of the processing shaft 1 is 0 is shown, the amount S of heat displacement occurs after [ of 
processing initiation ] 36 seconds, and the 2 micrometers of the amounts S of heat displacement occur after 
[ of 1 micrometer and processing initiation ] 72 seconds, in addition, the heat of the processing shaft 1 - a 
variation rate — soon — equilibrium — reaching — the max under the conditions — a variation rate ~ it 
becomes an amount and a variation rate stops. Especially the elapsed time T at that time is called a 
balancing time (search rate time amount) Tmax, and a balancing time Tmax is [ at a data table B ] 900 
seconds for 720 seconds for 900 seconds in a data table A in a data table C, respectively. 
[0037] In addition, as for the class of data table, it is desirable to set up much combination of the rotational 
frequency before and behind modification, and to carry out variety registration if possible, moreover, the 
heat it is indifferent in an amendment unit ~ a variation rate — in consideration of the process tolerance for 
which a work piece 9 is asked, for every proper time interval, an amount S corresponds and is set up. For 
example, if the amount S of heat displacement is set up with 1 micrometer (a predetermined variation rate 
amount) as a value small enough to the process tolerance of a request of a work piece 9, an amendment time 
interval will be set up so that the amount of displacement of the processing shaft 1 produced in the time 
interval of each amendment may be set to 1 micrometer. 
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[0038] next, the heat in the gestalt of this operation — a variation rate — the processing approach with which 
the amount was compensated is explained. 

[0039] Drawing 3 is drawing showing the flow chart of the compensation processing processing in the 
gestalt of this operation. The control program for this processing activation is stored in the computer 5. By 
this processing, after performing processing by the phi 1 6mm tool to the beginning, it explains taking the 
case of the case where it is processed into a degree by changing into a phi 10mm tool. Processing by the 
phil6mm tool shall be completed in 320 seconds, and processing by the phi 10mm tool shall be required 720 
seconds or more. 

[0040] First, if the automatic tool exchange instruction which NC unit 4 emits is made, according to it, a tool 
will be exchanged automatically (step SI). Here, the processing shaft 1 is equipped with a phi 16mm tool. 
Subsequently, the setting rotational frequency N of the processing shaft 1 used for future processing is read 
from NC unit 4 (step S2). Here, 5000rpm is read as a rotational frequency N of a phi 16mm tool. 
[0041] Subsequently, the counter value (time amount) t of the counter in a computer 5 is reset, and a count is 
started at the same time it starts processing which was made to rotate the processing shaft 1 at the rotational 
frequency of read SOOOrpm, and followed the program (step S3). 

[0042] Subsequently, the data table corresponding to these processing conditions is chosen (step S4). Here, 
since the engine speed N of the processing shaft 1 changed from 0 to 5000rpm, a data table A ( drawing 2 
(a)) is selected as a proper data table. Subsequently, the balancing time Tmax in a data table A is read (step 
S5). Here, it is Tmax=900sec. 

[0043] subsequently, the heat corresponding to 36 seconds in a data table A if it progresses to step S6 and 
the counter value t reaches at 36 seconds which is the first amendment timing — a variation rate — an 
instruction is emitted to NC unit 4 in order to move the with an amount [ S ], i.e., 1 micrometer, processing 
table 8 in the direction which keeps away from the processing shaft 1. Thereby, W shaft mechanical 
component 7 drives and only 1 micrometer of processing tables 8 moves caudad. consequently, the 
interlocking depth to the work piece 9 of a tool 11 — 1 micrometer ~ shallow — becoming — the heat of the 
processing shaft 1 — a variation rate is compensated (processing control process). 

[0044] Subsequently, it distinguishes whether it is that the counter value t is less than the balancing time 
Tmax (t<Tmax) (step S7), and as a result of the distinction, when it is t<Tmax, it progresses to step S8. 
Since it is immediately after t= 36-second progress, an answer serves as "YES", and it progresses to step S8 
at the beginning. Subsequently, at step S8, it distinguishes whether there was any next tool exchange 
instruction. Since a tool exchange instruction is not issued until 320 seconds pass, an answer serves as "NO" 
and returns aforementioned step S6 at the beginning. At next step S6, when the counter value t reaches at 72 
seconds which is the amendment timing which is the 2nd time, 1 -micrometer amendment is added like the 
above (one after another a time 108 seconds). To the progress of 320 seconds which processing completes, 
amendment per micrometer will be repeatedly performed in the above way. 

[0045] If 320 seconds pass and processing by the tool which is phi 16mm is completed, the result of 
distinction of said step S8 will serve as "YES", and will return to said step SI . 

[0046] In addition, since it assumed that processing was completed in 320 seconds by this example, the 
answer of said step S7 is not set to "NO", but when processing business time amount is longer than a 
balancing time Tmax, the answer of said step S7 may be set to "YES." In that case, when the amendment by 
migration of the processing table 8 stops, namely, the processing table 8 stands by as it is and there is a next 
tool exchange instruction, it is made to return to said step SI (step S9). 

[0047] When 320 seconds pass and it returns from said step S8 to said step SI, tool exchange is performed 

according to an exchange instruction in the phi 10mm tool which is the following tool (step SI). 

[0048] And the setting rotational frequency N of the processing shaft 1 is read from NC unit 4 like the case 

of a phi 16mm tool (step S2). Here, 8000rpm is read as a rotational frequency of a phi 10mm tool. 

[0049] Subsequently, the counter value (time amount) t of the counter in a computer 5 is reset, and a count is 

started at the same time it starts processing which was made to rotate the processing shaft 1 at the rotational 

frequency of read 8000rpm, and followed the program (step S3). 

[0050] Subsequently, the data table corresponding to these processing conditions is chosen (step S4). Here, 
since the engine speed N of the processing shaft 1 changed from 5000 to 8000rpm, a data table B ( drawing 
2 (b)) is selected as a proper data table. Subsequently, the balancing time Tmax in a data table B is read 
(step S5). Here, it is Tmax=720sec. 

[0051] subsequently, the heat corresponding to 48 seconds in a data table B if it progresses to step S6 and 
the counter value t reaches at 48 seconds which is the first amendment timing — a variation rate — an 
instruction is emitted to NC unit 4 in order to move the with an amount [ S ], i.e., 1 micrometer, processing 
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table 8 in the direction which keeps away from the processing shaft 1 . Subsequently, it distinguishes 
whether it is that the counter value t is less than the balancing time Tmax (t<Tmax) (step S7), and as a result 
of the distinction, when it is t<Tmax, it progresses to step S8. Since it is immediately after t= 48-second 
progress, an answer serves as "YES", and it progresses to step S8 at the beginning. Subsequently, at step S8, 
it distinguishes whether there was any next tool exchange instruction. 

[0052] In processing by the phi 10mm tool, since [ the original assumption ] processing business time 
amount is 720 seconds or more, before setting to "YES" at step S8, when it is set to "NO" at step S7, 
therefore the counter value t reaches at 720 seconds, it will progress to said step S9 from said step S7. In 
step S9, the amendment by migration of the processing table 8 stops, namely, the processing table 8 stands 
by as it is. In this condition, the relative position of the processing shaft 1 and a work piece 9 changes only 
with processing delivery with the processing shaft 1 . When there is a next tool exchange instruction, it 
returns to said step SI . 

[0053] Thus, even if the engine speed N of the processing shaft 1 is changed by tool exchange etc. on the 
way, amendment by suitable timing and a suitable amount can be carried out by selecting a proper data 
table. 

[0054] In addition, when the engine speed N of the processing shaft 1 is changed into 8000 to 20000rpm, a 
data table C ( drawing 2 (c)) is selected, and the same compensation processing processing as the above is 
made. 

[0055] By such processing approach, the processing error of the depth direction generated about 20 
micrometers came to be conventionally settled in about 5 micrometers. 

[0056] It creates beforehand for every conditions on which the data table showing an amount S and relation 
with elapsed time T is specified at the rotational frequency before modification of the processing shaft 1 , 
and the rotational frequency after modification, according to the gestalt of this operation — the heat of the 
processing shaft 1 — a variation rate — it — a computer 5 — registering — the time of processing - this data 
table — using — heat — a variation rate — the heat which originates in rotation of the processing shaft 1 since 
the amount S was compensated — a variation rate - an amount can be compensated and the process 
tolerance of a work piece 9 can be improved. And since amendment is carried out from the time of 
processing initiation, a running in etc. is not needed but actual processing can be performed immediately. 
Moreover, since the data table was prepared for every combination of the engine speed before and behind 
modification, if the corresponding data table is registered even when processing conditions are changed on 
the way, compensation under the processing conditions can be performed appropriately. 
[0057] moreover, the heat in a data table — a variation rate — since the amount S corresponded and was set 
up for every proper time interval, proper compensation can be aimed at by gradual amendment. 
Furthermore, since an amendment unit is set up in consideration of the process tolerance of a work piece 9, 
suitable compensation can be aimed at by amendment in the unit suitable for acquiring desired process 
tolerance. Moreover, since it was made to suspend amendment by migration of the processing table 8 when 
the counter value t reached the balancing time Tmax, fault amendment can be prevented. 
[0058] therefore, the heat of the processing shaft produced with rotation while being able to start processing 
promptly — a variation rate — an amount can be compensated and process tolerance can be improved. 
[0059] In addition, although the gestalt of this operation limited and explained to what depends the amount 
S of heat displacement on rotation of the processing shaft 1, it does not restrict to this, and if it is the amount 
of displacement of the processing shaft 1 produced with processing, it can apply, without asking a class and 
the displacement direction. 

[0060] in addition — the gestalt of this operation — processing delivery — migration of the processing shaft 1 

- carrying out — heat - a variation rate — what is restricted to this although migration of the processing 
table 8 was made to perform delivery for amount compensation — it is not — either or the both sides of the 
processing shaft 1 and the processing table 8 — processing delivery ~ carrying out — heat — a variation rate - 

- it may be made delivery for amount compensation carrying out in either or the both sides of a processing 
shaft 1 and a processing table 8 

[0061] 

[Effect of the Invention] As explained above, while being able to start processing promptly according to the 
processing equipment in the machine tool concerning the processing approach or claim 10 in the machine 
tool concerning claim 1 of this invention, the amount of displacement of the processing shaft produced with 
processing can be compensated, and process tolerance can be improved. 

[0062] the heat accompanying [ according to the processing equipment in the machine tool concerning the 
processing approach or claim 1 1 in the machine tool concerning claim 2 of this invention ] the drive of a 
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processing shaft — a variation rate — an amount can be compensated and process tolerance can be improved. 

[0063] According to the processing equipment in the machine tool concerning the processing approach or 
claim 12 in the machine tool concerning claim 3 of this invention, the process tolerance under the processing 
conditions into which the table was registered can be improved. 

[0064] According to the processing equipment in the machine tool concerning the processing approach or 
claim 1 3 in the machine tool concerning claim 4 of this invention, even when processing conditions are 
changed on the way, the process tolerance under the processing conditions of the combination before and 
behind registered modification can be improved. 

[0065] the heat which originates in rotation of a processing shaft according to the processing equipment in 
the machine tool concerning the processing approach or claim 14 in the machine tool concerning claim 5 of 
this invention — a variation rate — an amount can be compensated and process tolerance can be improved. 
[0066] According to the processing equipment in the machine tool concerning the processing approach or 
claim 15 in the machine tool concerning claim 6 of this invention, proper compensation can be aimed at by 
gradual amendment. 

[0067] According to the processing equipment in the machine tool concerning the processing approach or 
claim 16 in the machine tool concerning claim 7 of this invention, proper compensation can be aimed at by 
gradual amendment. 

[0068] According to the processing equipment in the machine tool concerning the processing approach or 
claim 1 7 in the machine tool concerning claim 8 of this invention, suitable compensation can be aimed at by 
amendment in the unit suitable for acquiring desired process tolerance. 

[0069] According to the processing equipment in the machine tool concerning the processing approach or 
claim 1 8 in the machine tool concerning claim 9 of this invention, fault amendment can be prevented and 
suitable compensation can be aimed at. 

[Translation done.] 
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* NOTICES * 

JPO and NCXPX are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 4] 



10, " / lT =r 

[Drawing 1 ] 



103 



102 




EF-" 



L I 



,10 



[Drawing 2] 
(a) 



(b) 



S(Km) 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 










T(sec) 


0 


36 


72 


108 


144 


180 


240 


300 


380 


460 


540 


720 


900 














































S(Am) 


0 


1 


2 


3 


4 


5 


6 


7 


8 


















T(sec) 


0 


48 


96 


144 


192 


240 


400 


560 


720 

W± 
























































0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


T(sec) 


0 


30 


60 


90 


120 


150 


180 


210 


240 


270 


300 


340 


380 


420 


510 


600 


900 



(c) 



[Drawing 3] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/27/2006 



JP,2001-062677,A [DRAWINGS] 



Page 2 of 2 



C 



i 



X 



X 



SI 
S2 
S3 
S4 
S5 



S6 





[Translation done.] 



http ://www4 . ipdl . ncipi . go . jp/cgi-bin/ tran_web_cgi_ej j e 



1/27/2006 



09) 0*a#fF/r (jp) 02) & US *|# fft £r $g (a) <u)*fffiw&M*f» 

#^2001-62677 
(P2001-62677A) 
(43)^HB sp«13^3H13H (2001.3. 13) 



(si) into. 7 mmn fi ?-?3-r(#%) 

B 2 3 Q 15/18 B23Q 15/18 3 C 0 0 1 

G0 5B 19/404 G0 5B 19/404 K 5H2 6 9 



iSEfflfsft m^M(om8 OL (± 9 H) 



(2i)mH#^- 


iftK^l 1-237040 


(71)ffllSA 000001007 








(22)ffiHB 


¥JE£11*F8£24H (1999.8.24) 


mm«fc*:eaBns*L^3T@3o#2^ 






(72)38W# «B# flS# 






*3S35AHKm^3Tg30#2# 












(74)ttSA 100081880 












F^— A(##) 30001 KA05 KB09 TA02 TB02 TD03 






5H269 AB31 BB17 EE03 EE11 HH06 






QB15 



(54) imwozmi jiimmz&ifzMJijjmtzfmw 



(57) mm ( gwjxteg ) 

NSrBfcWi*, ^Isl^iPX^^^b^WlSi-S^--^ 
^r—rftv (ftliLfiEMEStNdS 0^5 0 00 rp mfc:3E 
ftLfc^fW*— ^--^/PA (12 (a) ) ) ^iglE 

icmt^lffitS (ljum) tlttDIr-^/U8Sr 

JPX«noJRSEffids«C$ix5 0 *<o»* *PXIlflit&a»k 
3 6&\ 7 2&\ 10 8©?. % s * £^5 J: 



§i&xj|£i& 
1 



X 



X 



TmaxfiIcr>gSi&^ 



S1 
S2 
S3 

S5 



S6 





-»**y ? 



(2) 



fftm 2001-62677 



[WFI»*o«SB] 

1 ] apx«uc£ c. a *ffis«rttinx*a fc #Hjp 

X* fc o«*J-WffiBS:*jE'r 5 - 4: lc«fc 9 Mffit LT*PX 

ipxn#Rfl fc Jpxicfl* oT4C5 SfrlEJpx$ft<^Sfifi fc <o 

*px«<o^xi^mi-jcsi:fcscffifiS:**, »#«>rt:affl: 
ft^ttffiria*nxttxvmia»*pxifeo^/ < c< fct— 
&m LTWE«*PX*fcJraX-r5JPXfM»xai: «r^tr 
r fc fc 15 Xffs««l;:*3 SiDl^So 

[ft *gc 2 ] mjia^pxtc^o x$l c z> wiespxtto^ 
eiii, s(riaipx*ft(OK»^#9Wfs*pxw^«iift^e 

H LT^:D5SPXf*^^SR^ffiOST*fe^ r fc 
m 4: i" 5 1 S2«c CO Xfla«« td ft 5 *P X^fe 0 

*ft»»cKfiLfc^— ^fc lt*»«sss»u miE 
Jpxfpjwxstt, «TE«*PXftS:inx-r*Bi(Z>iqx*«= 

*C»j£^S^-^/^^JPX^|ffl^C^HufE»PXtt^ 
r fc S:«p«i:-rsWf*« 1 *fctt 2 Eft 

to xftM*« ic 4o s * 5 *n x^ffi 0 
[»**4] mia««xa«:, fWEMfli^-^SraM 

ttlt^JDX*frO|^^b*ttfcK36Lfcy— ^/ufc L 
TttJKMRSftU iWEJPXIWllpxaH:, ^HJcoflPX^ 

fc miHioipx^fr fc <o»^fo-&jc*f/s-r 5 'r—'jfr 

*^*PX«FPflt^jES CfcHulS^PXttco^ffifi^*:^^-^ 
«: fc -T 5 If # * 1 S fc tt 2 Ett (O XfPW* K *5 tt 5 
*nX3rfc, 

[f»#JS5] ffiE*OX*f|=fc:tt, mJf2^PXW(50lHlte^ 
a** * s r. i £ ftft fc -T 5 M#JS 3 * fc B 4 Ett <o X 

fWWUc#rt6inx#ft, 

[§S*3S6 ] B?rE*PXSJWXS*cj:5fl(rlS*PXtt*fc 

ttflftE«spx*o»»tt, ipxBBwa, mmmjim^m 

Sr»«tt5«M 1-5 <m vffta* 1 JitclE«oxf£ 
««fcte«taanx;6r8s 0 
[»*«7] HuEBa^-^^^st^RuE^PXM^^ 

IBIIII«*lc:*tJCU-CIJ!3e*n-Ci^8r fc£*H&fc1-£!?f 
6 E*OXff«**C*5*t 5 Jpx^ife, 

Ho»x»»c»LT+3>*ohS^ffi«c|9:^sn« 
*1Wti-6»**7E«OXff^^*lt6JPX* 

[»#«9J itufBM^-^ttu BtnEaiX**0>3g<fc 
aasspflSttflgfc 45t*«tft#t*h, Sftf2ADXat]i» 

1)UJL%o<D&m*W±-fZ> ^ fc srwmti-sw** I ~8 



[SMlO] fllXWHSfetsaEffiaSrttaiXdltft 
*X«jfcOffi»6WflCiESr1ijE-r5Ci:t-J;9*l«L'CSP 
X£=?t 9 XftM*ttfc*m 5*DX3ge{C*3i/ ^ . 
^PXB#r^iiOX(c#oT^ tulEAPXttco^iai co 

*DX(*coiPX^FF^{-JS; i:fc^fitasr**, f£#*6fc^<4 
afc*ttSfFfEJPXttlSLTJ'SulE^JPX#i<D/>^< fc t-^S: 
&tb L X huIEMAP X4^ £ i)P X-f 5 *P IBiSl?© iSrtfflX. 
10 fc^tSr^mt-f 5X^««{C*3^-5APX^«„ 

[it*JSll] SfllEAPX(c#oT±U.5SfIieiPXttco 

fltria*pxtt«>w»»cfl5 5 mmTMnmtoc 

®H LT4C5*PX$a^n&]^coS!v^{icofiT-fo5) C t £ 
4**£-f5H!#«l 0|EttOX^«(c*3(t5iPX^ 
Bo 

1 2 ] HUiaa^#®«, BfJfEM^x-^ 

x^st-KSLfc^-y/wt ur«««sa«»u, 
fEApxSlJ^4p^©:^i, WfBSaipxifeSrJnx-r^^roApx* 

1 8E*©Xf^HM*K*J»t5ilPXKB. 
35mJ^coJDX^(7),m^*3-yrfi(r|S:^ Lfcx-T'yu- 

b-c*»a«38s»L., f)ie*pxsup#^f4, 
^^e>*px^Ri^cfcfl9fajpxwco^a?r*4o5r. 

fcJt-SAPX^B, 

[»3fcJSi4] flfriaiBX^ffictt, Btrfa*DXiaco(H]|5 
iwi«tti;ti tt s in xi^g. 

[W*3S15] StjfEAPXSfJ^l#S(cJ;2,iu!EiPXtt* 
fci4H5S5«JPX^)C0^i&(4. APX5l^m. mJiaAPXfiic 

fc^1$'<tfc-rsIS*ril 0~1 4 05V>-ftt*»l«^IE*g 
coXf^fflttStcfcJtSiPX^fi. 
[ff*^16] HfrfSBSWT*— ^^*5»t-5SfllEiPXttco 

fflffiU LTSSJt $ tx,TV> 5 r fc Sr #m fc -f 5 

40 IS*3Sl 5lE«ftooXf^««Jc*3»t3*PX^e. 

1 7 ] HtJlBBff^^^iatt, BufB*SPX^co 
BffMcoJpx»S(c*tur+^/h$v^i^^$ix5r 
fc£r#f8fc-rSf?fjfcJSl 6ia^cox^«^*J(t5ApX 

u&^w-m^m fc *5***ffia*s$*ixs Btitssnxaiij 
«tria*pxtt*ytttii(rEtjHjDXf((j©«»iifi*« 
aws**«ffia»c:aL.fc»*tt:. miawxwitfcfaffiia 

so ~1 7<OV^^*»i3Sld|H^roxff«t«t-*3»t5APX3S 



(3) 



4*BB 2001-62677 



lo 

[0 0 0 1 ] 

iftwoim-tz&ffinftm] *»wtt, x«z*«*>apx 

*cj3W-«Jpx*Sat5««KH-»-S. 
[0 0 0 2] 

t»tt, ifcWoJPXWfcl^V K5/U*<Z>EI*5X*t'ftf* 10 
tt, JPX*S:ige5*TaaiPX»*cJpxa:llfi't-J; 5ia 

mtt {mm ^tcs, -v^y^ty^-ti^r 

[RK©JPX«*fiT<7>***WHi:*So ^<ofc£>fi£*<^ 
Xf^««^*3*t S*PX*ffiT-tt, ^PX$ft ^^Sl boo^P 

[0 0 0 3] a*^xf^»«^*5Jt5Jpx3SB 

1 0 2KJ; OW*a«lii?&S!S*tfcft*p»36J, ^)PX#^ 20 
iPftfitf gtSSg 10 3 Sr^S Lt»Xi 1 0 1 (Dftm^m 

[0 0 04] 

«<©JPX«itt, «*Six6X*a, IMK> MWK 

MEioTftiiE-rs. — iBft^oxffflw-ctt^ 

»PX*o}ftdSspgstttti:3fcoT^-t-5«aft^ so 
0feSl:J:o-cMsri{:45 o ^jpx^co 

^X*o8BS*rpj<©Jpx»«dSteT-ra. 

»K^iPX*#*cj:o-C»*5dS, 20/zm 
J5«a**RXJC*tL"Ctt3£l»dS*) 

So 

[0005] rc-e, ®mmz&z>mmtL<nfamz:ffim 

at/^Lietr, SWSSojpxi^oiHMSRiciis* 

B«»*«fc*fc»LTj&»&3IR<0 40 
Apx^tp ±5JcbfcJpxirfet*PbixTi^5 

8-215981 -*§-£r$g) 0 

[0006] Lfl>u#ase>, -c^jpx^-cte, ^{S^jn 
Jtwateft-coftfe uate^T-rss-esiiR^apxsrtf 

J; £ 4 6 LIls^^S t * 9 , JPX§B*&dSt? 
[0 0 0 7] *»Wtt±Ba*ft«^M*:Wft'*-6fc 



XfP««lC*3«t 5 JPX*feXU53g«Sr*tt'r 5 r £ tCfo 

So 

[0 0 0 8] 

<oxf^»«*c»»tajpx*8fett. jp 

3 r 1 Id J: 9 tt« L-CJPXSrff 5 XflsfllttK: 
*5*i-SJPX*jfefc*5V^T. *PX^PW4:*PX(c#oT^i: 

sffiiajpxtto^ffiitoBB^^-rBi^x-^Sraa 
tsiftiiis Raftxajcioafts^HffiT*— 
^^s<5v^miajpx«<7>jpx^iwjcici:fc«ffi*** 
K*fefc^ffi*fc^tffiiaJpxttxt)«mia«iPX/»o 

tfc-*S:»»LTWE«*X«S:*PX-r5JPX 

[0 0 0 9] rai:iW«:afi8-f5fc»*c*»«|<o|(|*3l 
2(^Xf^««*c:*5lt<5Jpx*fef4, ±|B»*3B l E*o 

flMjiKiisv^-c, Httis*px^#or^c5mia*pxtt<75^ 

{4S:te> BufBAPXtt^igibtcf* 5 «rlEaPX*fcWjRSJR*CjB 

H bT*caipx#*^ojRaEffi<o*-e*>s t 3r# 

[0 0 10] IWCBWSr»*'f 5fc»K*»WO»*« 
3<^Xf^«l«lC*5JtSJPX*iSfe«:, ±E»*5ll*fctt 

^SrJPXifefrfiKKjeLfcT 1 — ^yui LXltiSIg 
U WEiPXMWXStt, «fl5ft*PX^Sr*PX-rSBg<0 

*px*#*cwjc^5^— ^d^ipx^BBJcjcc^ajia 

[0 0 11] [B]lSg^$rii^c-r5fc^{c*^P^cofS*xi 
4 OXfWW*fci3tt5»X#ftH:, ±fE»*« 1 

^/vi:bT*fBca*»»L, miBjpx*j»xatt, ^0 
^ - a> e> jp xH#ra kjc c fc mjiajup x# <o mtt& * * 

[0 0 12] WHSBWSr«fl!c-r5fc«)^*«M<z>»*3« 
SOXffflW»c*5lt*3lDX*fett, ±E»*«3*fctt 
4E*o«rtfc:fetvT\ ittBttXftfMcitt, mj|2^PX$ft 

[0 0 13] raiSBWSr*rici-*fc»^**W^»*« 
6<DXf^««^*3»t«iPX*jSfeH:, ±|EBI 1 - 5 tf> 

v^-rtL^- 1 ^^c|^tt6o«^(c^3v^T, masipxsijftixa 
^^sm^pxttsfcttwiEastaxttco^ibtt, ^jpx^ 

[0 0 14] WtBttS:»rili-Sfc*^*»WOBI*« 

7(Dxf^tti«jcfcjt5jpxsrfett, ±m^memm<D 



(4) 



mm 2001-62677 



[0015] mcBft*mi&irZtctbi l c#ftW<nm&m 

[ooi6] mcstt*mi&^?>tz!sbic*ftW(nm$:m 
9coxf^a«t-*jtt5J!)Px*-&ii, ±mm*% 1 ~ 8 CO 
^■rtiA^imztd,m<omm^^^x. miEM^x-^t- 

^•*4x. fifJlE*PX;!iMX§«:, flfflE^PXf** fc (iflflf2« 
fEJPXli^fcttSfiiE^px^^ib^^ih-rsr £ 

[0 0 17] IHi:gW*iS)5jc:i-5 7tfe^*^B^(7)|f*Jl 
1 OCDXtfMtWcifottSAPX^tt:. ^PXiatc^CS-a 

t \z x ") mm lt*px£?t ? xfta«(-*5!t s^jpxsg 

tc&i^-c, MJimfflbmT.izft-oxtktzMmtox.itii'D 
£, iz&m^wcizxvmmztitzmmT'—f^m^^x 

flfrl2iPX|*(0*PXB#P B 1{^ U.fc^te4£r#*, IS* Afc 
^{3:fifc(tHfII2APX$ili&0«BfIiEffiSPX^c75'>^< £ -b- 
^■Sr^id LTmJlSlSAPX^^SpX-r 2. APXffii|»^S £ % 
ffiz.tz.Zt$:W{lkt-t2> 0 

[0018] mtum*mf&-fttft^*mw<nm^ 
i \<DT.<feWM\z.&tfz>ii\\T.mm±. xiEft*^i oie 

^O^lcfc^T, mIiEiPX(c#oT*i:2.Bflie*PXtt 
ro^ffiitt, fiulE^PXlftroiEi&fci^^iulHAPXlico^ 

£*H§S;£i-£>,, 

[0019] m^B^mi^-r^tzib^^mnm^m 

1 2C0X^«(C*5ft5*PX^g{i, ±1519*311 0^ 
fc(4l l|5«C0t^^*3^T, StilE^^«, fiulE^ 
^r-^^PX^Slcl^^bfc^-^t LTltS 
3ISSiU S«fE*PX{&]^#^(i, StiiaMJpX^^APX-r 

si^roSpx&fricttJS-rs^— t'/^^Apx^ic^c 
/tB5tE*PXWcoffi{S:fi:^*:465 r £ ZW&k-fZ. 
[0 0 2 0] l?lCSWSriil^i-5)tfet^^B^coif*^ 
1 3 0OX^Wl-*3ttS*PX^S«, -hfEWjfcgil 0 3: 

fc(4i itE«fecofli^{ct5^r. sfjiEs^Sd, mmm 
far-? &£w.mm<Dtox.&ft<Dm&&t>itmc!&%. l 

(4, •^•IhIcoApx^^ £ StjmcDApx^ft £ com^^-ar(c 

atis-t- 5 t - -jjvfrh apxbsm Kfc z it fflwia x$ico^ 

[0 0 2 1 ] PlcaW**fi8-*-5fc*»-*IBW<0»#3S 
1 4rox^««tc*3lt5*PXaSBtt, ±IEI9*«1 2* 



[0 0 2 2] [^C@fi*lSr«fig-t-5fc«)tC3)s:5Seq<75W*3S 

1 5(DT.^mmcto^^mxmma. ±iets*iii o~ 

l 4cov^-rtt75^l3llc:iE®^ofl|^^ct3^^T, HtifSiPXfSJ 
» J: 5 HfriEAP Xtt * fc (4 SfIIE»P l«i co »tb (4 , 
AnXBflteSL lffllEAqXttK@fj£<Z>gtfcfi#& tS*WII] 

[0 0 2 3] |B]CS6<]^jgfi)(;i-5fcfc(C3|s:|g0JCC>|»*3S 
1 6COXf^t*^*3ft5*PX^IS(i, XfEfS^iIl 5 IS 
^cofil^joV-C. StllH^x— ^(CfeltSmiEiPXW 
10 co^fiicofite, *PXW^, ftfrfEBIf ^CO|£firgiS^ U. 

5. 

[0024] is]tBW*asfiS-r*fc»»ii*i6w«>iii*« 

1 7COXf^«l«^*5tt5»PX^g«, ±IEft*«l 6 IB 

c£^^m£-r?>„ 

[0 0 2 5] I^Di6*)Sra^-t-5fc*lc:2|s:JiWcoii*3S 
1 8C0Xf^«ld*5tt5*PX|gSti, XiEi»#*Kl 0~ 
20 1 7co^^-ri^^ i l«^-i5«co*)5)cic:JoV^T, WIEBH^t* 
-*{;iJ4, HtrlE*PXWco^fi;S:!o s ¥«^ffi£^5*>:^ 
«rSBAnXM»#Sl!H:, ftfrfEiPXttifctt 

(4, HfJte*PXlA*fc(±BiIIEffiiPX%co#iti4r#Ji:-r5r 
bZlft'&k-rZo 
[0 0 2 6] 

[0 0 2 7] HI 1 14, *mW<D-mi&<DBM^&ZT.ft 
30 Jo (t 3 fiP X j£@ CQ$[B&«fiSc ^ ^-f- ^ n -y^HT-fo 

So 

[0 0 2 8] *Xf^«{«m'>*p^5-=5'->=V^-feV^ — 
£L"C«fi!c$tL, ^co*PXSS(4, ±$ST-fcSAPXltt 
1. ^t-lfB^*P§§2, *PX#&iflifctf St&SS 3 , NCM 
4 ( (JlPX«iJ»*®) ) . nyt'a-i'S (*PX»J^P# 
S) . Z*SIEK)g|5 6, 7 , APXv"— 

!7-^ 9Mf-^/^ 1 0t?*)«*ll5. ^HffiCOff^ 
ffi-Cfi, iPX$A 1 let t) !7-^ 9 (cJPX^Jg-r0<JSr^ 
■to 

40 [0 0 2 9] iOXttl ^FH^co^—^td^-a-^ti, 
NC3gg4C0«*icJ; 9 0te-f5„ APXfft 1 {ctt, 
K5A4»OX*l l*S3g#SnS. »PX#lf44fc, Z 
4tt€ESbgR6 (d$ci9 #(tf>n. Z#|gi()g|5 6(4NC^g4 
KgM&SftTV^o APXlftlii. NC^E4C0{|iiJffll(^S 
-^5< Ztt^i)j&|5 6COiEi<)(cJ;i9Z^r6] (l^i±T^) 

[0 0 3 0] APX*t 1 (Cf4£ C,(C, *PX#^*PfSifftg 
SS3/jS^ite>ttr*3»9 . APXWllciirco»SSSl8S3Sr 

so 14, ^IH^co^iflf!}j^iiitfitifa-r-5fc*co^^y (H^ 
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*T) Srrt* U ftiPttirjSfftOKSaStellPJfPUoo 

[0 0 3 1 ] ^0Xr-^8(j:, _bffiKi!7 — * (IfctJOX 

4 CO»J»*C*<5 < wtt^tb^ 7 offifttc: i 19 Z *|nl^# 

[0 0 3 2] NC3£«4f*ZttIg»lS|5 6, WttfgKgP 
7 , flPXite 1 ^S:ffi»»J» LT*^t<7)^Xl^^W 

»#k Sft*nt*J9 (SftXS) , !7 — *9<0JPXM: 

[0 0 3 3] ? — ^ 9 GDAPX^&tte, SPXffl 1 ^0^$ 
^TZteIIli£i$6iCj; 9JPXttl ^T^Ci^S-;^ W 
**B«i<B7^J: OiPX^— ^W8*T*teSo-CiPXtt 

[0 0 3 4] D2(i v ***0««lC*3tt3<7 tf — ^7^— 

[0 0 3 5] ^jpxttiii, lHltef-J:5«f»^J:oT«ifi 

(a) . (b) . (c) l^^f-^f-^A, 

c) t commit hz.tzh<Dx-&>z>o s-x-^x— ^ 

T*te. ^nxfflio^MSu^[Hlffi^:5:^^n^-ib*DX-r^ 
IScOlHl^m<om^^-a:tc*5V>T, APXW 1 (DjRaEfit* 
S#i M miiiPi-5^mc-t<0^^*3tt5SiS^miT 

[0 0 3 6] Jpxsa 1 <Dmm&<n&ik<nW.&--&t>-&te. 

mm (a) t1j:0?5^5 0 0 0 rpra (miri" 1 ) td^ 

<kLtzm&. mm (t>) t-dsooo^^sooorp 

m^^fkbfcS^. ffl (c) tll8 00 0^P>2 0 0 

0 0 r p mica tfci^^-iti^to mz-i-imm 

(a) "Ctt, »PX«l<7)|HlteiBc^O"efcStfcflSt?5 0 0 
0 r pmlCtiX^fltelti^^l, *PXB8*&J&>?> 
3 6»«Kf«&«ffifl:Sas 1 Mm> flPXBfl*&*n£ 7 2# 

SaSB#raTSri|*^5p«P#ra ^U— M»HJ) Tma 
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/UAtfi9 0 0fX r-^f-^Bt*li7 2 0fA x 
-^f-^uct'(j:9 0 0#T*fo5 o 
[0037] 7—9^—7)V<nmm^^W&<n 

^mmmm^f^^x^m^ti^o ^9co 

10 ^F^BST^CSJPXfft 1 O^fiCfi^i ^mt^Sct 5 

[0 0 3 8] &tc s *3IJ6^ffi{cfctt5ia^ifi*ffl 

[0 0 3 9] H3IJ, ***<0»lft^*3lt5*t«tiPXft!! 
a<^7n— ^-ir— hfi:^i-|21T**>5o ##!iS*ff<7>*:&> 

ttlT'lj:, S^^O) 1 6 mm^X^UlcfcSADXSrfTo 
ft(Cd) 1 Omm(7)X| r «lLT^X^fT9^ 
SrWCfcoTKWt-S. # 1 6 mnKDlftia^PI 
20 H:, 3 2 08?t^TU $10mmOXl:l:J;5J)OX 
f*. 7 2 0»K±Bf5fc©tt5. 

[0 0 4 0] 41\ NC»it4 36S»-rsa«lX*2K»* 
*j&s*£*L*i:* ^«oTXM§SMt5 (* 
ry/si) o ::m $16mmraA«tll 

ic3S*£*i5 0 #^-c% r*t*»e>K)*DX*cttffls*t5/ip 

X«l^KSigte»NS:NC8«4 36^6tt*iitf C*^ 

y^s2) 0 ::m oiemmoxAoiiiesNt 

It 5 0 0 0 r p mf)*Mfy&^.frlZ>o 
[0 0 4 1] #C^T% mft-i&Astd 5 0 0 0 r p m<D[Rl|c 

30 Sreipxtti ^Ete^itr^o^^Aic^oy-cSnx^p^ 
(«?iw) t^ytyMt^^yh^rifef^ 

3) o 

[0 0 4 2] »C^T% ^(HKOiPX^^gcLfcx-^ 
^-^SriltR-f 5 Ur^S4) 0 ::tu *PX 
U 1 05lHlte»NdS0*»e> 5 0 0 0 r pmlilflklfc^ 
T-^T-y/UA (i2 (a) ) ^iSlET*— 

40 ITIiTm ax = 900sec ~e£><5 0 

[0 0 4 3] &l^-C\ ^^^/-^S 6(CiS<^ s ^7^V^ffl 

"T 1 ^ m/cfttiPXT 1 — Sr*PXtt 1 /J^S? 

* 0 r.n*-J:<9, w#igDjti5 7 3&5igift$n, ^jpxx-^ 

yu8^T*tc 1 ^mfiitSIt So *cofe*, Xfil 1 

COC7-^ 9— CO^V^^gH^^l /xma<*9, ^JPXW 

io»*ffiMflflS3*x* CSPX»J»XS) o 
50 [0 0 4 4] &l>t% ^l^y^ItffiMTmax 
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Wft-Cfc* (t<Tmax) ^g^^WI L {^TV? 
S7) , *0*ljgrj<^«g*, t <Tma xt'fc^i^l^ 
ry^S 8^xit? 0 ^SJfi t = 3 6#3£i©fft£T'fc3<D 
T^ri* r Y E S J 8Milfr 0 

fr*^m-tz>o 3 2 o^iats*-e«;i*S!!M^ 
^&£n^<o-c\ awn**! tnoj stjis^ 

taS2EIB<0*ijE#-Y 7 2»fC*Lfci:# 

(JSfe^rlHl-Cttl 0 8#) ±fEfcra«fcl /xm^ttjE* 
^Ox.e>n?)o £JL±<OS«-C*DX^T-t-5 3 2 0S?(Z)ft 
a*-ett, l umi"o<o»]E*sHOigUtTto*t5r. it: 

[0 0 4 5] 3 2 0fWS&i@U 0 16mra(7)I|t^ 

TYESj <t&*9, WlS^T^sx^S l^RSo 

[0 0 4 6] fc*3, *0t|T*tt 3 2 0 f>r^DX^^Ti-^5 

Sr.fcttfclV&S* *PXBfffl«FWd55p«B#PflTma x <fc 9 
gulS^X^^S 7<£>^tfS TYESJ 

r^^$>^ 0 ^(nm&fc. mn^—y^ s <D&mc x z> 

IT, *0^X^m^^fooAc^(ctfjf^^^^^ 

[0 0 4 7] 3 2 O^gigt-CSfffB^^^^S 8^6 

0 mmCOX^(D^^^^^VNX^^$rtT 5 
5^S 1) O 

[0048] ^Lt, 0 1 emrrKDI^i^^fsli 

^ *PX«ll<OK3eia^NS:NCaS«4d»bBlE*iitf 
Ur^7 P S2) o $10mm^)II(7)[Elg 

»fc LT8 0 0 0 r p m*s»K^ii*HSo 
[0 0 4 9] #C^T\ m^/wfz 8 0 0 0 r p nKOEHs 

»-C*PXtt 1 &E\&£ J &X'7* ?7 A^ofcAflX^ 

^y^S 3) 0 
[0 0 5 0] #C^T% ^(Hj^iPX^^^gcLyc:^— * 

v^— z/zu^ittRi-s □ ::m *nx 

ttlO[Ute^cN^5 0 0 0/5^8 0 0 0 r pmCSftL 
fc7^b> r-^r-y;uB (H 2 (b) ) tmiEf—^ 
f-^t LTI^ JtlSo #C<^T% ^-^T—T/A-B 
^*5*t5¥«WflBTnia xSrB!*atf (^X^^S 
5 ) o ::t(iTm ax = 7 2 0 sectfc5 o 

[0 0 5 1 ] #c^T\ x^ryys 6 tciig^, # £>*fi6 

•T^to*> 1 /x mfcttAPX^— ^/U8 SrAPXttl 1 frhi&g 
5„ ^? »> y ^ 1 1 *S W# Pfl T m a x Brt t'fe 
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3 (t<Tmax) T^Sj^SrflJSlJ L % 

8(Ciifr 0 S^Jtt t = 4 8»«M«-C*5<D-C«P# 
r Y E S J fcfttK *Ty-?S Sk^mtSo ^T- 
s/y^s 8TU &ox*«**^iSfcofc^»5*»SrWgiJ 

[0 0 5 2] UOmmOIftWiDItlt 3#J<04g 
S-eiPXBfffl«PM* s 7 2 0«?«±-Cfc5 fc Ltz(DX\ X 

fy^sst' tyesj fc/jrsJKlr^^xy^s 7t* 

10 tnoj t&9, s^ot, trv>?mtfr7 2 om^m 

*^F«i-5„ r<a4Mil-ett\ JPXttl ir!7-* 9<tco*§ 
*t{£ete, *oxtt l ± 5 Mum 9 ic: «t o r <o*^fk u 

1 CI5o 

[0053] rco^^ ^Kf-exAXft^^iOJPX 

20 $ril^i-5 r. ^ -CiBWft * S > ?k Sic J: SWlEfc-*- 

[0 0 5 4] &*3, JPX*U l<7>0te»N#8 0 0 0j5»P> 
2 0 0 0 0 r pmlC^ICftofci ^-^-^ 

/uc (H2 (c) ) *«3»ts*t, ±Etra«o*«apx 

[0 0 5 5] r<E><fc 5*JPX*ife^J;0 % «(i2 0^ 
mSflE^LTV^fcHIS^lftaJJPXK** 5 /i m^StC 
«x^5 J; 9l-#ofc 0 

[0 0 5 6] **«<75«lft|j:j:*ttf, twnm\<r)mmtL 

30 AS ^^ig^T^^^^^t-T-'-^T'-^^PX 

JPX^C^reO^-^'r-^^^Jffl LTMtt 
S:SSrffi«-t"5«t5tcLfc^)T% iPXtt 1 (OHHEtdgH 
t^MfttWf bty-^ 9©»ix»««rrt±-f* 
dim^o L^fc, JPXWt&Sln^blijESri-SO 

40 mzte-DfcWf&Xh. »JSt5r-^T-Z/^lg^ 
tiTv^fi. *^>JiPX*fl=T"ew*ttSra«»c:fT 5 r t 

[0 0 5 7] ifc, f^-^x-^Mc*5ttS^^4fl:S 

MiEWatt^ — ^ 9a)*PX»flES:%JtL-CKSSna«) 
T% ^a^*PX»«*»5(0|ciBLfcmffi-C^«jE^J: 
oai«**HR«:BI6r. <t^T-#5o *>t, ^^>^fEt 
*¥f*BTma x {CitL/cibAPXx — ^8 <D^W)kZ 
so <fc^tfi]ESrfflhf ^> «t 9^LfcOT% igffiiE^IWJiit-^ 
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[0 0 5 8] J;oT, *^fclHlXSrBB*&-f5wi:*s-t? 

« LTapxtt«srfi±i-5 r i as-e# s 0 

[0 0 5 9] fc*5, *«6(OJB*T?ttSlft«ffiilSS:JPX 
5fc<E>-Cfc<, JPXfC^oT^lSSJOXttlO^ffiS-t? 

[0 0 6 0] **K6<DJBHB-ett, #pxi£ 9 teflpx 

5t^)t4<, iPXttl iSox-r— ^A'Sfl^-ftta** 
fctt^*-CJ!lPXiSi9S:tTV\ »3Effi*»«Ofcft^a69 
tflpxitti tJpx^— ^u8<7>v^i"*Ld»*fctta*"C»ff 

[0 0 6 1 ] 

tcfi* 5 X^««{d *j »t 4 *PX;*f fcttid** 1 0 
6XfPW*»c43it5*XSB«K:J:*btf, Jt^*>fc:*iXS: 
BB*&i"5r tdST*#5i*tc x SPXtc{¥oT2i CS*PX 20 
«iO«tt*S:*tfi LT*PXm,8£ftJhi-S r t A«-e* 
S G 

[0 0 6 2] *»W^>l»*3«2|c:«5XfMi«»c:43tt5 
JPX*-ffi*^ttft*3Sl 1 ^«5Xf^««^*3»t5*PX 
3S«fc:«fc*itf, »PX«iOJB»lcff5!l!«ffi*Sr«|«l,T 
*PX*fg£[6]±-f S ^ t is-C* So 

[0 0 6 3] *«MO»*«3*C«5Xf^««^*3JtS 
*PX^j£4fctt»*« 1 2 ^«5Xf^««*J:*5*t*iPX 

3g«fc iixri, 7"— zf/isfr&m £ ttfc*px^TT*o*p 
iM^i^it^ n t a 5 -e# s 0 30 
[0 0 6 4] *55M<oBt*«4^«SXf^»«tc:*5ltS 
Aox^-fe^ fc wtW** I3(:i5 XfWWU;i*Ht 5APX 
S»fc:J;*Ltf, »*"C*PX*#3ftsas3StcftS»-fr-et>, 

*»snfcSEHwa^fi*^fo*ojpx*fl=T'c<ojpx 

[0 0 6 5] ^Wolt*«5lc«5Xf^««Jc:ft*t5 
^PX^fe^ fc«ffi*« 1 4 ^#S Xf^«t*tC*5«t SiJPX 

asuiciiixtf, aix*fto[aft^fiH-j-ajiftajffifl:Sr*t« 
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LT^pxas*[^]±-r s r t ^T'# So 

[0 0 6 6] *«MO!B*«6^«5Xf^«a«*C*5t+5 
JmX*fe*fctt»*« 1 5 ^«5Xff««^i3^6JPX 

[0 0 6 7] *«MOW*«7»C«5Xf^««ti:*3Jt5 
apx*rft**:tt»**l 6*c«5Xf^»«^*5*t6Jpx 

[0 0 6 8] *«W<DWf**8^»5Xf^««*Ct5*t5 
JPX#tt*fctt|»#gi 1 7 lC«*Xtf«#t£*m5 JPX 
SKUKiitttf, Bffa^>»PX»«t»5^tcigLfc*ffi"C 
oMjEK J: 5 5B«)*»«S:H» w i S G 

[0 0 6 9] *«W<0«|**9IC«5Xf^ttl«^i3Jt5 

*px*fe*/^*»#JSi 8 Jc«5XfWl«tc*5»i-5Jnx 

[Hi] SOI6o»«te«5Xf*«M*K:fc»tS 
JPXSS«o?«llS«*S:*-r^n y^H-CfcS. 

[si 2] 7/v<D—m*7F'tm 
-efoSo 

[0 3] IPI««*CfeJt5*flt*PXft!fa07n— h 

[114] tt*©Xf^**CfeJtaJHIX»«(D**Sr*-J- 
ETfcSo 
[«F**>RW] 

1 ^jpx$i 

2 fl-fflsftais 

3 *px«iJ£a]iifi«»gs& 

4 Ncgt (*px»j»*a) 

5 ^-y-^yu^t: 0 ^--^ (*PXSJ»#S) 

6 zmwmn 

7 wmmw)^ 

8 Jpxt 1 — 

9 !7 — ^ (tfeSPX*) 
1 0 c f—$s<* 



im4] 

103 



102 
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imi] 



6 




[13 2] 



SUm) 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


T(sec) 


0 


36 


72 


108 


144 


180 


240 


300 


380 


460 


540 


720 


900 

fiLt 



(b) 



S (Mm) 


0 


i 


2 


3 


4 


5 


6 


7 


8 


T (sec) 


0 


48 


96 


144 


192 


240 


400 


560 


720 



(c) 



S(AIH) 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


T(sec) 


0 


30 


60 


90 


120 


150 


180 


210 


240 


270 


300 


340 


380 


420 


510 


600 


900 
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[03] 



I 



I 



• Si 
S2 
S3 
S4 
S5 



S6 




S8 



Yes 




